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A PROCESS FOR THE PRODUCTION OF CRYSTALLINE 

ASPARTICACID 

The present invention relates to a process for the production of 
crystalline aspartic acid. 

Aspartic acid is an acidic amino acid with a molecular formula of 
HOOCCH 2 CH(NH3)COO. It is used in products such as the aspartame 
sweetener and for formation of the biodegradable polymer polyaspartic acid 
(PAA). The latter could be utilized as a cobuilder or as a sequestrant in 
detergents, as a superabsorbent polymer and in other applications. The 
biodegradability of PAA is very attractive, and the potential market is large. It 
strongly depends, however, on the availability of a low cost aspartic acid and 
a non-contaminating process for the preparation of aspartic acid. 

US patent 3,391,059 describes a process wherein microorganisms 
capable of converting ammonium maleate directly into aspartic acid (or its 
salt), are isolated. US patent 4,013,508 describes a process utilizing two 
different microorganisms. One converts hydrocarbons to fumaric acid, which 
is then converted by the other to aspartic acid. 

The ammonium aspartate formed contains various impurities that could 
result from the enzyme, the nutrients used, products of said reactions, etc. 
Currently, it is purified by acidulation through the addition of a stoichiometric 
amount of a mineral acid, e.g. sulfuric acid, to reach a pH in the range of 
about the isoelectric point of the aspartic acid. The aspartate ion is converted 
to aspartic acid in zwitterionic form, which precipitates out of the solution. 
This solution contains ammonium sulfate as the main component. The 
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presence of the sulfate salt decreases the purity of the precipitating product 
due to eoprtdpMUcn of contaminants, which compilation is induced by 
,he high ionic strength. It also increases the solubility of aspartic add in the 
solution, which reduces the yields. Another disadvantage of the process ,s 
ta consumption of ammonia and suKuric acid and the formation of a salt that 
can be used only as a low grade fertilizer (in most cases at me added cost of 
me energy and equipment needed to crystallize It out of me solution). 

US patent 4,560,653, assigned to W.R. Grace, claims a process for 
preparing L-aspartic acid, wherein a subslrate containing fumarate ions « 
reacted in me presence of an aspartase, the improvement compns^g 
reducing me pH of me aqueous solution result^ from the contact with sa,d 
aspartase or aspartase-producir* microorganism to about 3 to 4 by addition 
cf maleic anhydride, maleic add or sans thereof, to insolubilize L-aspart,c 
add while providing maleic acid in me supernatant phase, removing me 
insoluble L-aspartic add, isomerizstion of the maleic add in the supernatant 
' phase to tumeric add, adjusting me pH of me supernatant phase to about 8 
,o 9, and pawing me supernatant phase Wo contact with aspartase or 
aspartase-producing microoganism. 

The process described In US patent 4,560,653 solves me problem of 
ammonia and sulfuric acid consumption and of finding an outlet for 
ammonium sulfate through addulation with maleic acid, but has omer 
drawbacks. The aspartic add is still predpitated from a solution of high ,on>c 
strength, which affect, its purity. Maleic add is also found in the crystals. 
Aspartic add is left in me roomer liquor. It is not lost if me ammonium maleata 
formed in me mother liquor on such addulation is fully converted to 
ammonium fumarate and recyded. That, how ver, could not be me case, as 
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no outlet is provided for impurities resulting from the biological conversion of 
fumarate to aspartate, the chemical conversion of maleate to fumarate and 
from other sources. Rejection of these impurities requires a significant bleed 
from the mother liquor, which involves product and reagent losses. Moreover, 
recycling of a solution containing a significant concentration of aspartic acid 
could inhibit the biological conversion of fumarate to aspartate. 

Another patent, assigned to Rhone Poulenc, suggests acidulation of the 
ammonium aspartate solution with fumaric to precipitate aspartic acid and to 
form ammonium fumarate. Adding fumaric acid to the solution of ammonium 
aspartate instead of maleic acid avoids the costs and contamination related 
to converting maleate into fumarate in a solution, which is sent to the 
conversion of fumarate to aspartate, it also provides for using as a raw 
material fumaric acid produced by fermentation rather than petrochemically. 
However, it does not solve all other difficulties related to product purity, 
losses, and to the slowing down of the bioconversion by the recycled aspartic 
acid. 

With this state of the art in mind, there is now provided according to the 
present invention a process for the production of crystalline aspartic acid 
comprising the steps of. (a) reacting a feed solution containing anions of a 
dicarboxylic reagent acid, whereby the reagent acid is converted to aspartate 
ions, to form a product solution containing a dissociated aspartate salt; (b) 
acidulating a solution of said dissociated aspartate salt resulting from said 
reaction in step (a) by contacting it with a cation exchanger, whereby cations 
of the aspartat salt are adsorbed and protons are released to the solution; 
(c) separating the aqueous solution from the cation exchanger; (d) 
crystallizing aspartic acid from said separated solution; (e) regenerating said 
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cation exchanger obtained in step (b) by contacting it with a solution 
containing the reagent acid or an acidic salt thereof, whereby protons from 
the solution are adsorbed on the cation exchanger and cations adsorbed in 
step (b) are released to the solution; and (f) using the solution obtained in 
step (e) as a constituent of said feed solution. 

From the molecular formula of aspartic acid, HOOCCH 2 CH(NH 3 )COO 
when in zwitterionic form, it is clear that dicarboxylic acids of four carbon 
atoms provide a preferred reagent acid for its formation. Among those, the 
most preferred ones are maleic acid (which could be obtained from maleic 
anhydride) and fumaric acid. 

Aspartase converts ammonium fumarate to L-aspartate. Cultivating an 
aspartase-producing microorganism in a nutrient medium containing 
diammonium fumarate results in ammonium aspartate. Alternatively, it can be 
prepared either by reacting whole cells containing aspartase, or by extracting 
the enzyme and heating it with diammonium aspartate. A possible 
improvement is immobilization of the enzyme or enzyme-producing 
microorganism in or on a support structure. 

Enzymatic conversion of fumarate to aspartate, referred to in the 
following also as bioconversion, typically uses an aqueous feed solution 
containing mainly diammonium fumarate, and the product is. in fact, 
ammonium aspartate. Bioconversions are typically conducted at a 
temperature of about 50 to 60C. The pH in the system is about 8 to 9. In 
present industrial practice, th fumarate ion concentration in that feed 
solution is high in order to minimize crystallization loss s. 
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Fixed cell bioconversion works usually at a lower temperature and 
concentration to enhance stability. As a result, recovery yields in the present 
process could decrease. This problem is solved by a preferred embodiment 
of the present invention as explained in the following. 

The pKa's of aspartic acid are 1.88, 3.65 and 9.60, and its isoelectric 
point (pi) is 2.77. The aspartate-containing solution obtained in the 
conversion is about neutral or even slightly basic. At these conditions both 
carboxylic functions are negatively charged. One of them is balanced by the 
positively-charged ammonium group and the other by a cation, ammonium in 
most cases. This solution is acidulated through contact with a cation 
exchanger, the functional groups of which are at least partially in proton form. 
Due to the contact, cation exchange is effected, cations from the solution are 
adsorbed and protons are transferred from the cation exchanger to the 
solution, lowering its pH. Those protons react with one of the carboxylic 
groups on the aspartate (the one related to the pKa of 3.65) to form the 
zwitterion. 


The solubility of the aspartic acid in the zwitterion form is low and its 
crystallization in the cation exchanger could damage the resin and interfere 
with its operation. Temperature elevation does not always solve the problem. 
Firstly, it is limited by the thermal stability of the resin and secondly the 
conditions within the resin pores are different from those in the free solution. 
Thus, according to JP94017346, in the case of contacting a solution- 
containing glutamic acid with a cation xchange resin, urea was added to 
avoid such crystallization. It was found that, in the case of the present 
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process, acidulation by a cation exchanger can be effected without any 
significant problem resulting from crystallization of aspartic acid in the resin. 

The acidulated solution is separated from the cation-carrying cation 
exchanger and the latter is sent to regeneration in contact with an acidic 
solution. The separation is preferably effected without cooling the solution 
much below the temperature of the acidulation step. 

The cation exchanger carrying the adsorbed cations is contacted with a 
solution of the reagent acid or of its acidic salt. The reagent acid could be 
obtained in a petrochemical process, e.g. maleic acid or maleic anhydride, or 
from conversion of a petrochemical product, such as in the case of fumaric 
acid formation from maleic acid. In these cases, it is usually obtained in the 
free acid form. It could also be obtained through fermentation of a 
carbohydrate. Most of the fermentation of carbohydrates are conducted at 
about neutral pH and result in the neutral salt, e.g. diammonium fumarate. 
Such neutral salts could result from other processes, or from in a side stream 
of the main process. These neutral salts can be converted into the free acid, 
or to the acidic salt, e.g., monoammonium fumarate, by a variety of known 
methods such as water splitting electrodialysis or cation exchange. Acidic salt 
could result from other sources as well. 

Maleic acid is one of the strongest carboxylic acids with a first pKa of 
1.83. In contacting cation exchangers that carry adsorbed cations with a 
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solution of maleic acid, a cation exchange reaction takes place. Protons from 
the aqueous solution are adsorbed on the resin, which is thereby regenerated 
and cations are released into the solution. In the case of very weak cation 
exchangers, both protons of the maleic acid can be exchanged (the second 
pKa of maleic acid is 6.07). In most cases, however, only one of the protons 
is exchanged. Maleic acid is strong enough to regenerate weak, moderate 
and even some strong acid cation exchangers. It provides, therefore, a large 
degree of freedom in selecting the cation exchanger for the present process. 

The ability to conduct the process with some of the other reagent acids 
is surprising and, even more so, the ability to conduct it with their acidic salts. 
Aspartic acid's isoelectric point is highly acidic, 2.77, and one would expect 
that quite strong cation exchangers will be needed for its acidulation prior to 
the crystallization step. As a result, the regeneration of these cation 
exchangers would require a quite strong acid. It was surprisingly found that 
cation exchangers strong enough for acidulating aspartic acid can be 
regenerated with a solution of fumaric acid (pKa t =3.03) and, even more 
surprisingly, by a solution of monoammonium fumarate (pKa2=4.44). 

The solution obtained on such exchange for the regeneration in step (e) 
is adjusted to form the feed solution to the conversion reaction. Thus, for 
example, in the case of regenerating the cation exchanger with maleic acid, 
only the pH and the ammonia to maleate molar ration will require adjustment, 
if the reagent acid for the conversion step is maleic. (Possibly only ammonia 
addition will be required). If, on the other hand, fumaric is the reagent acid, 
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the maleate salt will have to be converted into a fumarate salt, e.g. by 
methods described in US patent 4,560,653. After adjustment, the solution is 
fed to the reaction for converting the reagent acid to aspartate. 

Unlike in the case of said US patent 4,560,653, the feed solution has 
not been recycled from the crystallization step and does not contain the 
impurities present in relatively large amounts therein. It is also practically free 
of aspartic acid and therefore avoids the inhibition effect described above. 

The aspartic acid-containing solution obtained in the acidulation step is 
treated by known methods to crystallize aspartic acid therefrom. Such 
treatment could be a simple cooling of the solution from the temperature used 
in the acidulation step (which, in most cases, is higher than ambient). It could 
also comprise water evaporation. 

The present process provides a possibility of high yield recovery of 
aspartic acid from the mother liquor by an additional step. In contacting this 
mother liquor with a strong acid cation exchanger, aspartic acid obtains an 
additional proton from the cation exchanger and transforms into the cationic 
form. As such it is efficiently bound from the mother liquor. 

Thus, in a preferred embodiment, a strong acid cation exchanger in its 
acid form is contacted with the mother liquor of aspartic acid crystallization. 
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The aspartic acid contained in that mother liquor is adsorbed. The cation 
exchanger resulting from that step is contacted with a solution of the 
aspartate salt obtained in the conversion step. As a result, the cation of the 
aspartate salt is bound on the resin and the adsorbed aspartic acid is 
released into the solution. The latter is separated and sent to aspartic acid 
crystallization as in step (d) or to further acidulation as in step (b) and the 
cation exchanger is regenerated with the reagent acid. For this preferred 
embodiment the reagent acid is preferably maleic acid. 

Losses, as in present industrial practice, or undesired recycling of 
aspartic acid to the conversion reaction, as suggested in US patent 
4,560,653, are avoided. As a result, there is no need to push the conditions in 
the crystallization step to maximum yield. The conditions there can be 
adjusted to those ensuring the highest product yield. In addition, if required, 
the bioconversion step could be operated at a relatively low salt 
concentration, if preferred for higher stability of the enzyme medium, without 
losing in the overall recovery yield. 

Use of a sequence of a weak acid cation exchanger and a strong acid 
cation exchanger could be preferred in some circumstances. In that case, the 
aqueous solution containing the aspartate salt obtained in the conversion 
reaction is first contacted with the weak acid cation exchanger, and the 
resulting solution is contacted with the strong acid cation exchanger resulting 
from the contact with the mother liquor. The aqueous solution obtained in that 
contact, is s nt to the aspartic acid crystallization. Regeneration of the resins 
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is done in the following sequence: The maleic acid is first contacted with the 
strong acid cation exchanger and then with the weak acid one. This way no 
significant excess of maleic acid is needed. 

The free mother liquor obtained contains most of the impurities resulting 
from the various sources. As it is essentially aspartic acid free, there is no 
need to recycle it to the reaction (directly or indirectly). Therefore, recycle of 
impurities and their build-up in the system are avoided. 

While the invention will now be described in connection with certain 
preferred embodiments in the following examples so that aspects thereof may 
be more fully understood and appreciated, it is not intended to limit the 
invention to these particular embodiments. On the contrary, it is intended to 
cover all alternatives, modifications and equivalents as may be included 
within the scope of the invention as defined by the appended claims Thus, 
the following examples which include preferred embodiments will serve to 
illustrate the practice of this invention, it being understood that the particulars 
shown are by way of example and for purposes of illustrative discussion of 
preferred embodiments of the present invention only and are presented in the 
cause of providing what is believed to be the most useful and readily 
understood description of formulation procedures as well as of the principles 
and conceptual aspects of the invention. 
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Example 1. 

A 5% ammonium aspartate resulting from byconversion in an earlier stage is 
transferred, at 80C through a column containing Dowex MWC-1, a weak acid 
cation exchanger (WACE) r sold by Dow. The pH of the incoming solution is 
nearly neutral. That of the outgoing solution is about 3. The latter solution is 
cooled to 15C and about 90% of the aspartic acid contained therein is 
crystallized out. 

The mother liquor of the crystallization is transferred through a column 
containing Dowex CM-12, a strong acid cation exchanger (SACE), sold by 
Dow. More than 90% of the aspartic acid values in the mother liquor are 
adsorbed on the cation exchanger. The SACE is then treated with a solution 
of 10% ammonium aspartate resulting from bioconversion. Ammonium ions 
from that solution are adsorbed and practically al the aspartic acid bound in 
the previous step is released into the solution. 

A solution containing 15% maleic acid is transferred through the 
ammonium carrying WACE and SACE from the previous stages. The cation 
exchangers are converted back to their acid form. 

The maleate solution obtained is converted to fumarate solution by the 
addition of ammonium bromid and ammonium persulfate and then heating 
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with agitation to about 80C according to the method described in US 

4,560,653. 


The fumarate solution is anion exchanged and carbon treated and its pH 
is adjusted to 8.5. it is then treated with aspartase to form ammonium 
aspartate as described in US 4,460,653. 

It will be evident to those skilled in the art that the invention is not 
limited to the details of the foregoing illustrative examples and that the 
present invention may be embodied in other specific forms without departing 
from the essential attributes thereof, and it is therefore desired that the 
present embodiments and examples be considered in all respects as 
illustrative and not restrictive, reference being made to the appended claims, 
rather than to the foregoing description, and all changes which come within 
the meaning and range of equivalency of the claims are therefore intended to 
be embraced therein. 
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WHAT IS CLAIMED IS: 


1 . A process for the production of crystalline aspartic acid comprising the 
steps of: 

(a) reacting a feed solution containing anions of a dicarboxylic reagent acid, 
whereby the reagent acid is converted to aspartate ions, to form a product 
solution containing a dissociated aspartate salt; 

(b) acidulating a solution of said dissociated aspartate salt resulting from 
said reaction in step (a) by contacting it with a cation exchanger, whereby 
cations of the aspartate salt are adsorbed and protons are released to the 
solution; 

((c) separating the aqueous solution from the cation exchanger; 

(d) crystallizing aspartic acid from said separated solution; 

(e) regenerating said cation exchanger obtained in step (b) by contacting it 
with a solution comprising the reagent acid or an acidic salt thereof, whereby 
protons from the solution are adsorbed on the cation exchanger and cations 
adsorbed in step (b) are released to the solution; and 

(f) using the solution obtained in step (e) as a constituent of said feed 
solution. 
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2. A process according to claim 1, wherein said reagent acid is a 
dicarboxylic acid having four carbon atoms. 

3. A process according to claim 1, wherein said reagent acid is selected 
from the group consisting of fumaric and maleic acid. 

4. A process according to claim 1, wherein the molar ratio of ammonium to 
the reagent acid in said feed solution is between 1.5 to 1 and 3 to 1. 

5. A process according to claim 1 ( wherein said reaction is biologically 
catalyzed. 

6. A process according to claim 1, wherein ammonium forms at least 90% 
of the cations in said product solution. 

7. A process according to claim 1, wherein said cation exchanger is of 
weak to moderate strength. 

8. A process according to claim 1, wherein said cations adsorbed in said 
step (b) ar mainly ammonium ions. 
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9. A process according to claim 1 , wherein said contacting with said cation 
exchanger is conducted at above ambient temperature. 

10. A process according to claim 1, wherein said crystallization involves 
cooling. 

11. A process according to claim 1, wherein aspartic acid left in the mother 
liquor of said crystallization is recovered by adsorbing on a strong acid cation 
exchanger. 

12. A process according to claim 11, wherein said aspartic acid-carrying 
strong acid cation exchanger is contacted with a solution of an aspartate salt, 
cations of said salt are adsorbed and aspartic acid is released into the 
solution. 

13. A process according to claim 12, wherein aspartic acid is crystallized 
out of said solution. 

14. A process according to claim 11, wherein said strong acid cation 
exchanger carrying cations of said aspartate salt is contacted with a solution 
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of said reagent acid, whereby protons from the solution are adsorbed on said 
cation exchanger and cations are released into the solution. 

15. A process according to claim 14, wherein said solution formed is 
separated and used as a constituent of said feed solution. 

16. A process according to claim 14, wherein said reagent acid is maleic 
acid. 

17. A process according to claim 1, wherein said reagent acid is a 
fermentation product. 

18. A process according to claim 1, wherein said reagent acid is maleic acid 
and said maleate-containing solution obtained in step (e) is converted to a 
fumarate-containing solution. 

19. A process according to claim 1, wherein said contact with the cation 
exchanger in said step (b) is done in a counter-current mode. 

20. A process according to claim 1 , wherein said contact with the cation 
exchanger in said step (e) is done in a counter-current mode. 
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21. A process according to claim 1, wherein said acidic salt in step (e) is 
selected from a group consisting of monoammonium fumarate or 
monoammonium maleate. 

22. A process according to claim 1 ( wherein at least 90% of said aspartate 
salt is acidulated in said step (b). 

23. A process according to claim 1, wherein at least 98% of said aspartate 
salt is acidulated in said step (b). 
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